INTRODUCTION
Several workers have investigated the biological effects of cigarette smoke with respect to ciliastatic activity (2, 1.0) and toxicity (6, 8, g ). Our aim in this laboratory was to develop a rapid and accurate biological test for the toxic nature of tobacco smoke, in addition to employing the more sophisticated and lengthy techniques, such as described by some of the above authors. Wang (8) found Paramecium aurelia very sensitive to tobacco smoke toxins. Weiss and Weiss (9) confirmed these results finding also that cigarettes with charcoal filters attached produced smoke solutions that were almost as toxic to Paramecium aurelia as the smoke solution from a non-filter brand and that high concentrations of phenol and nicotine were required to reproduce the effect of smoke solutions. Thayer and Kensler ( 6) have shown that water soluble components of total cigarette smoke inhibit cell growth in a culture of K. B. human cells. Filters of activated charcoal granules reduced the concentration of cytotoxins in tobacco smoke, being most effective for the gas phase. Turkheim (7) reported bacteriostatic ·properties of tobacco smoke working with Bacillus subtilis and Escherichia coli. Audier (1.) found tobacco smoke and condensate to be incompletely bacteriostatic towards Lactobacillus lactis and Staphylococcus aureus. References have been made by various authors to the bacteriostatic or bacteriocidal effects of tobacco smoke on other species including Pseudomonas aeruginosa, Salmonella typhosa, Serratia marcescens, Streptococcus pyogenes (5). The susceptibility of these micro-organisms appears to vary, although the variation in response could be related to the experimental conditions in addition to the bacterial species. It was decided to investigate the possible use of bacteria for the rapid bioassay of smoke solutions. Our intention is to carry out similar work using cultures of mammalian cells with the aim of comparing bacterial and mammalian systems.
MATERIALS AND METHODS Comparison of "total" smoke solution with "gas" phase smoke solut 1 1:5 had an optical density of 0.400 at 4 50 m~t using 1 cm. cells. 1 ml. of this bacterial suspension, 1 ml. of phosphate buffer pH 7.0 and 1 ml. of glucose-peptone broth were placed in a Warburg flask together with the requisite volume of smoke solution. The final volume was adjusted to 5 ml. with distilled water. The flask with contents was allowed to stand for exactly fifteen minutes. The pH of the flask contents before incubation was checked using a duplicate solution. The flask was then placed on the Warburg apparatus and incubated at 37° C for two hours. The use of the Warburg apparatus for incubation was a matter of convenience in this laboratory. After incubation the resulting culture was diluted 1 in 5, with distilled water and the optical density measured on a Unicam S. P. 500 at 450 m~t using 1 cm. cells. A control flask in which smoke solution was replaced by an equal volume of water was treated in the same way as the assay flasks. The percentage difference in optical density between the test flask and the control flask was a measure of the toxicity. In this way the toxicity of various smoke solutions was compared.
RESULTS
An initial study was carried out to compare the effect of smoke solutions prepared in two different ways. The first solution was prepared by smoking a total of ten cigarettes of a commercially available brand without filters using the trapping system described. The second solution was produced using the same brand of cigarettes, this time, however, a Cambridge filter pad was inserted in the holder and thus only the gas phase components of the smoke were collected. As can be seen from Table 1 results obtained from the two solutions using o.1 ml., 0.5 ml., and 1.0 ml., aliquots show that there is little difference in their toxicity. This particular result was of interest in that it indicated that the cytotoxins were present in the gas phase only, the particulate phase of the smoke (material retained by the Cambridge filter pad) appearing to be inactive. Results of experiments carried out to investigate the toxicity of phenol and nicotine, two'major components of the . . particulate phase, show these compounds to be relatively inactive in concentration similar to those found in smoke (see Table 2 ). This observation would partially confirm the results obtained with the two smoke solutions and is in agreement with work carried out by Weiss and Weiss (9) using Paramecium aurelia and by Thayer and Kensler (6) using cultures of K. B. human cells who showed phenol and nicotine to possess little activity. Subsequent work was entirely concerned with the gas phase of cigarette smoke and some of its components. The efficiency of various, carbon loadings in removing cytotoxins from tobacco smoke using recess filters was investigated. The carbon used was supplied by Sutcliffe Speakman and Company Limited (Grade C. R. 26) and was activated before use. In preparing the smoke solutions the smoke was passed through a Cambridge filter so that only the removal of substances from the 
FIGURE 4
Summary of toxicity results obtained using various filtering systems cigarettes passed through a Cambridge filter. Reduction in toxicity is seen (Fig. _: 1.) to be closely related to the effectiveness of carbon in reducing total aldehyde. This could be a direct relationship or indirect in that cytotoxins are removed from smoke in a similar manner to aldehydic substances:
It was of interest to compare the toxicity trapping system with more conventional systems. Aldehyde determinations were carried out on smoke solutions obtained by collecting the majority of the gas phase in acetone contained in a trapping vessel and cooled to -2o 0 C. The two series of determinations (Fig. 2) are similar. However, there is some divergence at higher amounts of carbon. The trapping systems used for toxicity testing would be somewhat selective in that the most volatile components would not be recovered. The figure for unfiltered smoke is somewhat lower than for the more efficient trapping systems and would also contain a higher proportion of the less volatile aldehydes. These less volatile compounds would not be adsorbed as efficiently by carbon and thus filtration efficiency figures would be proportionately lower. In order to compare the performance of two filters used in the production of two commercially available carbon filter cigarettes, solutions were prepared by attaching the carbon filters to cigarettes as used in previous tests. The result of the toxicity tests are shown in Table 4 together with descriptions of the filters studied. The figures are in agreement with those obtained with various carbon loaded filters and point to the usefulness of this test in the biological assessment of filters with respect to the removal of substances from the vapour phase of tobacco smoke.
TABLE4
Reduction of toxicity by two commercially available carbon filters (10 -11.7 to -33.3 -37.3 to -54.8 -39.1 to -58.6 -3.0 to -20.0 -27.3 to -44.0 -39.4 to -53.4 With a view to identifying the active components of the vapour phase of cigarette smoke, the toxicity of various compounds was examined at levels similar to those found in cigarette smoke. As can be seen from Figure 3 , acrolein is highly toxic to Proteus vulgaris, cyanide (added as potassium cyanide) is moderately so, whilst acetaldehyde shows a relatively low toxicity. Table r ; is a summary of the results obtained using various components of cigarette smoke together with the amounts of these substances present in the whole cigarette smoke and also, where estimated, the smoke solution produced for the toxicity test.
concentration of these substances in the
DISCUSSION
The possible presence of cytotoxins in tobacco smoke active in respect of Proteus vulgaris has been investigated with a view to developing a rapid bioassay technique. The particulate phase of smoke appears to be inactive, an observation which is in accord with the low toxicity of phenol and nicotine demonstrated. The latter results are similar to those of Weiss and Weiss (g) using Paramecium and Thayer and Kensler ( 6) who studied the effect of water soluble compounds of cigarette smoke on cultures of K. B. human cells. The test is thus most suitable for the examination of the gas phase of tobacco .smoke with particular reference to the reduction in toxicity by the use of carbon filters. Very close agreement is observed between chemical determinations on smoke after filtration and the toxicity figures with respect to Proteus vulgaris. Figure 4 summarises the results of toxicity tests on smoke solutions derived from smoke which has been passed through various carbon filters. With increased carbon loadings a progressive decrease in toxicity is observed.
Specific cytotoxins in tobacco smoke have not yet been identified. Acrolein, however, in pure solution appears to be highly toxic. This component is extremely irritant and has been found to have ciliastatic properties by various workers {g, 1.0) . Cyanide is reported as being ciliastatic (g) and is shown to. be moderately toxic to Proteus vulgaris. The toxicity effect thus exhibits similarities with the ciliastatic properties of some smoke components. This is not surprising as it is considered that some ciliastatic agents act by inhibition of respiratory enzyme systems. Any substance acting in this way would inhibit the growth of aerobic organisms.
It is not intended that the work described above should be related directly to smoking in the human subject. The toxicity testing regime, however, gives results consistent with the ciliastatic effect of cigarette smoke, shows very good agreement with chemical evaluations of filtration efficiency, is extremely simple to operate and gives reproducible results. The authors thus believe this bioassay technique to be a useful screening test for the relative toxicity of cigarette smoke and the evaluation of various filtering systems.
Investigations are continuing in order to identify the biologically active components of cigarette smoke, the biochemical mechanisms involved and the effect of smoke on other bacterial species. Differential response to the various cytotoxins by individual species could lead to the differential bioassay of these substances present in smoke. It is intended that a system be constructed whereby fresh whole smoke can be introduced into the culture vessel thus obviating the disadvantages of our present trapping method. Mammalian tissue culture studies will be carried .out in a similar manner to the above experiments with the object of directly comparing bacterial and mammalian systems.
The highly toxic property of acrolein, a compound well known for its irritant action, has been demonstrated. It would be of interest to examine biochemical correlations between irritancy and toxicity using the above systems. SUMMARY
The toxicity of various smoke solutions was evaluated by studying their effects on the growth rate of Proteus vulgaris. The particulate phase of smoke was shown to be inactive, a finding which was in agreement with the low toxicity observed with phenol and nicotine solutions. Tobacco smoke passed through recess filters containing either 25, 50, 75, 100 or 150 mgs. of carbon showed a progressive decrease in toxicity as the amount of carbon was increased. Pure compounds were evaluated in amounts similar to those found in tobacco smoke. Acetaldehyde exhibited low activity, cyanide ion moderate activity whilst acrolein was shown to be highly toxic. A rapid and reproducible bioassay method is described. ZUSAMMENFASSUNG 
